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ABSTRACT
A series of studies involving 18,000 chicks were 
conducted to study the effect of dietary caloric density 
and dietary amino acid levels on energy u tiliza tion  by the 
broiler chick. The chicks were floor brooded in pens of 100 
chicks and 3 pens were fed each ration treatment.
Results of these studies revealed that caloric density 
of the ration had a significant effect on body weight, feed 
consumed, feed efficiency and Kcal. of metabolizable energy 
consumed but had no affect on energy u tiliza tion . Dietary 
amino acid levels fed in excess resulted in significant 
improvement of energy u tiliza tion  and feed efficiency in a 
t r ia l  conducted in the winter monthr This improvement 
was not observed in a summer t r ia l .
Sex of the broiler chicks had no affect on the chicks 
ab ility  to u tilize  energy.
When the calories consumed were regressed on weight 
a highly significant association resulted suggesting 
weight could be predicted with great accuracy from caloric 
consumption.
v i i
There was evidence in these studies that would support 
the theory that chicks w ill consume feed to satisfy  some 
inner need for energy with the chick's physical capacity 
to consume feed playing a major role. Caloric density of 
the ration was not found to be a factor in caloric consump­
tion except for those ration densities that were so lew 
as to exceed the chicks physical capacity to consume.
Males and female broiler chicks utilized energy for growth 
with the same efficiency. However, the efficiency of 
caloric u tiliza tion  for growth decreased linearly from 20 
grams gain per 100 Kcal. M.E. consumed at 21 days of age to 
12.5 at 63 days of age. The rate of growth of the young 
chickens may determine the response to caloric density 
of the ration with the fastest growing strains requiring 
higher caloric densities.
v i i i
INTRODUCTION
The classical scheme of energy metabolism regards 
metabolizable energy as the energy remaining after sub­
tracting the energy in feces, urine, and combustible gases 
from to tal consumed energy. This is  the energy which the 
animal has available for the production of heat, body 
substance or work. A further loss of energy occurs from 
such reactions as deamination and la ter synthesis of meta­
bolic products. This loss of energy has been described 
as the specific dynamic effect (SDE).
I t  has been observed that supplementing the chick's 
diet with additional protein above those levels recommended 
as adequate, resulted in increased weight and feed efficiency. 
These observations suggested that the increased performance 
may have been due to the increased SDE of excess amino acid 
metabolism with the chick using th is extra heat to maintain 
a homeothermic system. This conservation of energy may 
have increased the amount of other energy available for 
growth. The possibility  exists that th is method of offering 
the bird additional energy for body temperature control may 




Kleiber (1961) has concluded after many years of
exhaustive studies that a ll animals regardless of size will
have a body maintenance need of about 70 Kcal. per day per 
0.75kilograms * weight. In th is laboratory i t  was fe lt that 
i f  one knows the amount of to ta l metabolizable calories 
consumed for a given period then subtracting the mainte­
nance requirement would leave the amount of energy available 
for synthesis of metabolic products. The answer to the 
question of whether the bird eats to satisfy a need for 
energy may lie  in the amount of energy available for syn­
thesis of body substance and th is measure may be more 
meaningful than simply to ta l calories consumed.
Present day nu trition ists use almost exclusively the 
tool of caloric density of the ration to attempt to meet 
the chicks need for energy. Considerable diversity of 
opinion exists as to the particular caloric density to be 
used and further that increasing the caloric density with 
age is  the most desirable solution to th is  problem. The 
c rite ria  conventionally used to evaluate the results of 
studies on th is problem are growth and efficiency of feed 
u tiliza tion . An evaluation of these c rite ria  leave un­
answered many questions concerning energy u tiliza tion  by 
the young chick.
The purpose of the studies reported in th is thesis was
3
to more completely evaluate the effect of caloric density 
or combinations of caloric densities on the u tiliza tion  of 
energy by the chick. The effect of such factors as protein 
or amino acid level of the diet, age, rate of growth, sex, 
season, and sources of unidentified growth factors on 
energy u tiliza tion  were evaluated. In addition to the 
conventional c rite ria  such additional c rite ria  as feed 
consumption, caloric consumption, calories consumed above 
the estimated maintenance requirement, and the efficiency 




Energy is one of the oldest of the recognized dietary 
requirements. As a result many studies have been conducted 
on this requirement. I t  w ill be the purpose of th is review 
to focus on the more recent studies in th is regard. Those 
studies that contribute to some of the more basic concepts 
of energy u tiliza tion  will be reviewed.
Scott et al (1947) were trying to develop efficien t 
broiler rations by substituting various grain products for 
com. They demonstrated that rations high in energy, 
mainly those with a major portion of the diet being corn, 
tended to promote more rapid growth and better feed con­
version in chickens than rations of lower energy content. 
None of the products tested would adequately replace corn 
in the high energy rations.
About this time the availability  of stabilized fats 
permitted rations to be formulated with even higher energy 
levels than a ll grain diets which led to a tremendous 
interest in increasing growth and improving feed conver­
sion of broiler chickens. This development occurred at 
the same time when the geneticists were rapidly improving
4
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the rate of growth of broilers and this placed an additional 
burden on the n u trition is t.
Hill and Dansky (1950) found no improvement in growth 
of crossbred chickens to seven weeks of age from increas­
ing the protein level above 20% in a diet described by 
them as relatively high in productive energy content.
They reported diets containing less than 20% protein would 
support maximum growth only when the energy content was 
reduced by adding mill feed or oat hulls. Energy level 
of the feed was suggested as a major controlling intake.
From these data i t  was concluded that protein intake was 
relatively constant in terms of grams per unit body weight 
and suggested that the percentage protein needed in the 
diet would have to be related to the energy content.
Continuing their investigation regarding the influ­
ence of dietary energy on chick feed consumption, Hill and 
Dansky (1954), conducted experiments to determine the 
minimum dietary energy level necessary for maximum early 
growth in chicks. The data presented demonstrated that 
chicks have a remarkable ab ility  to adjust their level 
of feed intake within wide limits to compensate for the 
different energy contents of otherwise similar d ie ts . In
6
th is  experiment these workers modified a basal ration by 
adding 10%, 20%, 30%, and 40% inert bulk. Chicks responded 
to the energy diluted diets with increased feed consumptions 
of 103%, 114%, 123%, and 134% respectively. Protein was 
shown to have l i t t l e  effect on rate of feed consumption.
Studies with broiler type chicks involving diets 
differing in protein and energy levels were conducted by 
Donaldson et al (1955). In these studies the ratio  of 
productive energy to crude protein in the diet influenced 
the caloric intake, feed efficiency, growth rate, per cent 
moisture and ether extract in the carcass. Feather condi­
tion was also shown to be affected by the diets studied. 
Increased caloric levels in isonitrogenous diets reduced 
feed consumption, but the efficiency of caloric u tiliza tion  
decreased progressively as the d iets increased in energy.
The authors pointed out that increasing protein levels in 
isocaloric diets resulted in reduced feed intake and 
lowered fat content of the carcass.
Matterson and others (1955) used a block design to 
study the effects of varying protein and energy together 
and separately. They reported that as the productive energy
7
to protein ratios decreased from 51 to 31 in isocaloric 
diets containing 20% or 28% protein, growth rate appeared 
to increase. As the productive energy increased at each 
protein level the feed conversion improved. When the 
caloric concentration was held constant and protein was 
allowed to increase, resulting in decreasing caloric pro­
tein  ratios, the same improvement in weight and feed 
u tiliza tio n  was observed. These workers observed that, 
regardless of energy content of the diet, the caloric 
consumption for a ll  chicks appeared to be equal.
The effect of increasing protein in 5% increments 
between 12%, and 42% and varying productive energy from 
700 to 1450 calories per pound was studied by Leong et al 
(1955). An increase in carcass fat was observed as dietary 
fat increased while body gain and feed conversion improved 
as the energy level of the diet increased. I t  was suggested 
that a definite relationship existed between calorie level 
and protein level in the d iet.
Four experiments were conducted with crossbred chicks 
by Sunde (1956) to determine the importance of energy and 
protein in relationship in the d ie t. Dietary protein 
concentrations of 20% and 28% were each supplemented with
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0%, 5%, and 10% added brown grease. Productive energy 
levels of 665/ 730, 771/ 806/ 845, and 932 calories per 
pound were used at each protein level. High protein- 
low energy diets resulted in a reduction in feed e f f i­
ciency and growth rate . When energy was increased in 
these diets, body weight and feed u tiliza tion  was improved. 
When feed u tiliza tion  was plotted against calorie-protein 
ratio, a marked improvement was observed in feed u tiliz a ­
tion as the ra tio  increased. I t  was interesting to note 
that widening the calorie-protein ratio  resulted in a 
less marked improvement when the diets contained 20% 
protein. I t  was suggested that different calorie-protein 
ratios may be needed for optimum growth and feed u t i l i ­
zation depending on energy levels of the d ie t.
Robel et al (1956) reported the effects of varying 
protein and energy intakes of broilers on the retention 
of dietary protein. Four isocaloric diets containing 24,
18, 12, and 6% protein respectively were fed free choice. 
These were compared to diets which insured equivalent protein 
consumption but restricted the energy intake to 2 5%, 50% 
and 75% that obtained on the respective free choice diets,. 
Protein retention was related to protein consumption in a ll 
cases. Increased energy consumption consistently increased 
protein retention. From their data the average daily protein
9
required for maintenance of nitrogen balance was determined 
to be 0.005 grams of dietary protein per gram of gain.
The average daily protein intake required for gain was 
determined to be 0.337 grams of dietary protein per gram 
of gain.
Donaldson and associates (1956) in studying the rela­
tionship between dietary energy and dietary protein conducted 
two four-week experiments in which they varied energy from 
800 to 1200 calories of productive energy per pound of feed 
across protein levels ranging from 15% to 27%. Growth and 
feed efficiency were improved as protein level increased 
at each energy level un til what these workers considered 
an adequate protein intake was achieved. Chicks which 
received added fat in the ir diets tolerated wider calorie- 
protein ratios than did those which received no added fa t.
I t  was concluded that medium and high fat diets had no 
adverse effect on growth as long as the calorie-protein 
ratios remained constant.
Hill (1956) and Hill et al (1956) conducted a series 
of experiments which studied the quantitative relationship 
between feed efficiency and productive energy for laying 
hens. I t  was concluded that a linear relationship existed 
between the energy level of the diet and relative efficiency 
when diets varying from 740 to 94 5 calories productive energy
10
per pound of feed were fed. The regression was expressed as 
E = 11.3 + 0.096 x , where E represented relative efficiency 
and x represented productive energy level per pound 
of feed.
Working with broiler chicks Hill et al (1956b) investi­
gated two series of diets employing graded levels of meta­
bolizable energy. Metabolizable energy consumed per gram 
of gain was nearly constant when the energy-protein rela­
tionship remained constant regardless of level of dietary 
energy.
While workers were active in the years between 1950 
and 1956 establishing those factors that affected feed 
consumption and the relationship between energy and 
protein, Almquist (1952) published an excellent review 
which stirred  a great deal of in terest in amino acid re­
quirements and those factors that affect the requirements.
There was a considerable amount of conflicting data 
presented by various laboratories as to what the dietary 
level of methionine should be and what factors influenced 
the response to th is amino acid.
Rosenberg et al (1955, 1955) published two papers
and co-authored a third with Baldini (Baldini et al, 1955) 
in which data was presented indicating that nutrient 
requirements, expressed as per cent of d iet, could not be
11
considered as fixed values but, indeed, varied as a direct 
function of the productive energy value of the d ie t. Their 
new concept was postulated as follows: Since the chick eats
to fu l f i l l  i ts  energy requirements, i t  consumes less to ta l 
feed as the productive energy value of the diet is increased. 
Therefore, when methionine is present as a fixed percentage 
of a ll diets regardless energy content, the bird may not 
consume enough methionine when the energy requirement is 
satisfied  before enough methionine has been consumed to 
satisfy  the requirement. I t  is obvious, then, that the 
methionine content of a diet must be such that the bird 
w ill receive adequate methionine in the amount of feed 
consumed which in turn is governed by the energy level of 
that d ie t. A graph was presented reexamining the data of 
various laboratories on the basis of the productive energy 
and methionine relationship.
Gordon and Maddy (1956) offered a method for calculating 
the amino acid requirements of the broiler when the calorie- 
protein ra tio  was in the range of 42 to 48. Within this 
range, the methionine requirement was found to be 2.15 to 
2.25% of dietary protein.
Rosenburg and Baldini (1956) presented data on the 
effect of protein level on the methionine - energy rela­
tionship and found that, when sufficient energy is available
12
the methionine requirement, expressed as percent of diet, 
increases as the protein content of the diet increased.
At lower energy levels i t  was reported that protein 
increases did not result in proportional increases in 
methionine requirement. Diets containing 900 to 1000 
calories productive energy per pound of feed were used 
as low and high energy diets. No explanation was offered 
for the results obtained.
Further studies (Rosenberg and Baldini, 1957) on the 
relationship of the methionine requirement to the energy 
and to ta l protein of the ration using isocaloric diets at 
different protein levels suggested that energy content of 
the diet governed the dietary methionine requirements. As 
energy increased in isonitrogenous diets, the methionine 
requirement was shown to increase also.
Leong et al (1959) reported data comparing energy to 
protein ratios in dLet^both unsupplemented and supplemented, 
with additional amino acids. Energy levels of 950, 1,210 
and 1,450 calories productive energy per pound of feed 
were fed at various levels of protein. Optimum growth with 
the unsupplemented diets was achieved ?t 27%, 29% and 32% 
protein. Protein levels for optimum growth with the amino 
acid supplemented diets decreased to 17%, 22% and 27% pro­
te in . These workers indicated that amino acid balance was
13
of great importance in protein u tiliza tion  and ultimately 
permitted wider and more constant calorie-protein ratios 
than the unsupplemented protein. Visceral fat was found 
to be influenced more by the source and amount of dietary 
energy than i t  was by calorie-protein ra tio . Birds fed 
the 1/450 calorie diets had high visceral fat regardless 
of protein level while birds receiving the 950 calorie 
diets had low depot fat regardless of protein level.
Featherson and Stephenson (1960) studied the possible 
dietary interrelations between the methionine, glycine, 
choline, protein level, and energy content of the chick 
d ie t. The results of feeding methionine supplemented diets 
increased weight gain significantly above a similar supple­
mented d ie t. The addition of glycine to the methionine 
supplemented diet stimulated greater growth than the diet 
supplemented with only methionine. The addition of choline 
to the methionine and glycine supplemented diet did not 
further improve body weight. When energy was increased, 
an increase in body weight was observed in a ll combinations, 
but the increase was not as marked in those diets that 
were not supplemented. An additional response to supple­
mental methionine was observed across increasing levels 
of protein up to 21% of the d ie t. Adding methionine to 
diets containing protein levels greater than 21% had l i t t l e
14
or no effect in th is experiment.
The increasing in terest in the relationships that the 
amino acids shared with each other and the effect these 
relationships had on protein and energy levels along with 
the increasing use of amino acid supplementation led to a 
series of experiments which were conducted by Anderson and 
Dobson (1959) and Fluckiger and Anderson (1959). In the 
f i r s t  experiment they found the chick had what appeared to 
be different arginine requirements when fed diets containing 
different proteins even when a ll diets were formulated to 
contain equal contents of arginine. Analysis of the d iffe r­
ent proteins indicated the level of other dietary amino acids 
may have influenced the arginine requirement of the chicks. 
The second study was conducted in an attempt to clarify  
this observation and i t  was found that high lysine levels 
in the diet appeared to be the single amino acid most 
responsible for the higher arginine requirements but this 
was not a simple relationship. They suggested that the 
response to lysine and arginine both depended on the level 
and balanced proportions of the other amino acids found 
in the d ie t. In addition i t  was pointed out that protein 
level per se had l i t t l e  effect on the arginine and lysine 
requirements. Sauberlich (1961) studied the toxicity or 
antagonism of 19 amino acids when fed to weanling rats
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in excess under several conditions. The excess amino acids 
were fed at a level of 5% of the ra ts ' d ie ts. DL-methionine 
caused the most severe depression in growth. Tryptophan was 
noted to be quite toxic and produced approximately an 80% 
depression in growth. The other amino acids ranged in de­
pression of growth from 76% to 27%. Depression of food 
intake accompanied depression of growth in a ll cases except 
high levels of leucine, valine, isoleucine and glycine.
The author made note of the fact that the essential amino 
acids were, on the whole, more toxic when found in excess 
than the non-essential amino acids. When the protein per 
cent of the basal diet was increased, the depression induced 
by feeding excess amino acids was partially  or completely 
counteracted. He concluded the toxicity observed may be 
have been due to inhibition of absorption resulting from 
high blood plasma levels of the excess amino acids in the 
d iets. He noted that plasma levels of arginine were re­
duced by dietary excesses of certain individual amino acids.
Smith (1968) studied the detoxification of excessive 
dietary amino acids in chicks. His data indicated sig n ifi­
cant growth depressions with excess lysine, tyrosine, h is­
tidine, glycine, methionine, cystine and threonine. Less 
marked depression was observed with excessive levels of 
valine, isoleucine, phenylalanine, tryptophan and leucine. 
Amounts of the excess necessary to bring about a depression
16
in growth was reported as low as 0.4% for lysine and as 
high as 6.0% for leucine. There was a marked response to 
the addition of arginine in a ll d ie ts. Levels ranging from 
0.3% to 2.0% added arginine were needed to bring about the 
reduction of amino acid tox ic ities . He concluded that 
arginine must play some additional role in amino acid 
absorption. Attempts to show an interrelationship between 
arginine, lysine, and histidine failed to support theories 
that these three amino acids compete for the same active 
site  in the gastrointestinal trac t of the chick.
Muramatsu et al (1971) fed rats diets with different 
amino acid compositions and found that growth depression 
was very different for dietary excesses of different single 
amino acids. All of the non-essential amino acids had 
l i t t l e  or no effect on growth depression when fed at 
excessive levels, however, the essential amino acids de­
pressed growth when expressed as a percent of the control 
as follows: methionine 103%, glycine 45%, phenylalanine
36%, histidine 23%, tyrosine 18%, threonine 18% lysine 8%, 
isoleucine 3%, tryptophan 1%, arginine 1%, and valine 0%. 
When the percent of to ta l protein of the diet was increased 
the magnitude of the depression of each amino acid was 
reduced substantually.
The scien tific  lite ra tu re  dealing with relationships 
of one amino acid to the others was voluminous in the 1960's.
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The ultimate balance of amino acids has not been reported 
as of today but with diets reasonably balanced Sibbald (1964) 
proposed that birds eat to satisfy their energy requirements. 
While there are exceptions to th is  rule they seem to be of 
l i t t l e  importance. He presented data indicating maximum 
energy intake cannot be realized in practical laying hen 
diets with an energy density of 1200 metabolizable calories 
per pound or less. He suggested practical diets should be 
formulated with a ll nutrients in proper relation one to the 
other and also in proportion to the energy content of the 
d iet. In addition he offered the suggestion that practical 
diets should contain at least energy minimums that would 
insure adequate nutrient uptake. He reproduced a chart 
and cited work by Combs that proposed that the estimated 
'minimal' energy recommendations for poultry feeds when fed 
as a ll  mash diets were as follows:
Broiler chickens
TYPE M.E. C al./lb . feed 
1430
Starting chicks (replacements) 1215
Growing chickens (replacements) 1095
Laying and Breeding hens (light) 1285




Bedell (1966) presented excellent data from studies on 
the effect of dietary protein on energy u tiliza tion  using 
carcass composition as a criterion  for measurement. He 
reported an improvement in feed u tiliza tion  as energy or 
protein increased while protein per se did not appear to 
have any effect on feed consumption. Protein u tiliza tion  
was improved as dietary energy increased and calorie con­
sumption was not affected by protein or energy level.
Velu et al (1971) undertook a study to c ritic a lly  
evaluate body composition changes in young chicks fed graded 
levels of a balanced amino acid mixture. A further objec­
tive was to assess protein and energy u tiliza tion  as in­
fluenced by protein and energy consumption. This balanced 
mixture was used to  replace graduated amounts of a standard 
mixture which calculated approximately 20% protein equiva­
lency. Weight gain and gain per gram of feed consumed 
improved with each increase in the amount of amino acid 
mixture fed. The increase was less marked as the mixture 
made up more than 23.136% of the d ie t. Body protein and 
moisture were inversely related to boiy fat and, in general,
the body protein and moisture increased as level of dietary
amino acid mixture increased. Data was presented which 
proposed that the crude protein requirement must be defined
in terms of a given criterion  or response. For example i t
19
took 20% more protein to maximize weight gain and protein 
retention and 60% more protein was required to maximize the 
gain/feed ra tio  than was required to maximize feed and 
energy consumption or energy retention. On the other hand, 
40% less protein was required to maximize body fat and 80% 
less protein was required to maximize liver fat than was 
required to maximize feed and energy consumption. Protein 
u tiliza tion  was shown to remain constant un til maximum 
weight was obtained. They suggested that the reason other 
workers have shown the requirement of a limited amino acid 
to be linear in increasing protein regimes was because weight 
gain was used as a criterion .
At the end of World War II large supplies of animal 
fat became available to the poultry industry. This situa­
tion coupled with the increased use of detergents to replace 
soap caused an accumulation of approximately one b illion  
pounds of available fa t. Runnels (1955) demonstrated that 
the addition of fat to the diets of chicks increased weight 
and improved feed conversion.
Duckworth ejt (1950) found that the differences in 
d igestib ility  between low and high melting point fats 
reported for other animals exists in chicks also. This 
observation was supported by the work of March and Biely 
(1957) who found that the unsaturated low melting point
20
fats of corn oil to have a d igestib ility  coefficient of 9096. 
The more saturated beef tallow fat was found to be only 7 3% 
digestible and samples of highly saturated animal fats 
ranged from 23% to 44%. The presence of a higher concen­
tration  of fecal triglycerides by chicks receiving high 
melting point fats was indicative of the fact that chicks 
have d ifficu lty  hydrolysing highly saturated fa t.
Baldini and Rosenberg (1957) reported data on two 
experiments employing different energy concentrations as 
well as two sources of energy. Their findings indicated 
that diets which contained higher energy concentrations 
supported faster growth and higher feed efficiency and 
further, that carbohydrates or fat calories were equally 
effective in the promotion of growth and better feed conver­
sion. Body composition seemed to be unaffected by calorie 
source in th is experiment.
Artman (1964) evaluated fatty  materials by controlled 
feeding using growth, feed efficiency, d igestib ility , and 
metabolizable energy as the c rite ria  of evaluation. Assign­
ing soybean oil a value of 100 he ranked the following fats 
as soybean oil equivalents: tallcw 78, tallow:menhaden o il
(1:1 mixture) 92, tallow:soybean oil (1:1 mixture) 96, 
menhaden oil 96, menhaden oil:soybean oil (1:1 mixture) 97.
21
The author noticed the calculated energies of each different 
fatty  material did not appear to be additive when combined 
in a mixture. In nearly a ll cases the actual soybean oil 
equivalent was higher than the calculated equivalents for 
each mixture indicating some symbiotic relationship between 
different fa ts . I t  was observed that the addition of un­
saturated fats to saturated fats increased the soybean oil 
equivalents. In addition i t  was reported that menhaden 
o il apparently is contaminated with some toxic material 
because the feeding of levels above 9% of the diet 
decreased the soybean equivalent.
Young et al (1963) in a study designed to compare 
hydrolyzed lard and beef tallow conducted a series of 
four experiments. These experiments determined the effect 
of source on fatty  acid absorption. Experiment one was 
designed to determine the effect of the breed of chicken on 
fatty  acid absorption. Their results indicated no difference 
among the breeds in the respect. Experiment two employed 
diets in which 20% lard fatty  acids was substituted for 
glucose on a weight for weight basis. The chicks were fed 
these diets for either 2 or 3 weeks to study the effect 
of feeding period length on absorbability. Chicks receiving 
the lard fatty  acids for three weeks showed greater absorba­
b ility  of fatty  acids than those fed the same diet for 2 weeks.
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The third experiment compared com and glucose as the major 
source of carbohydrates with isocaloric substitution of the 
fatty  acids for glucose across two protein levels. These 
data indicated that level of protein, type of carbohydrate 
and method of substitution of lard fatty  acids a ll signi­
ficantly influenced the absorbability of lard fatty  acids.
I t  was noted that diets supplying carbohydrates as com 
had a higher degree of fatty  acid absorption of lard fatty  
acids than those employing glucose as the source of carbo­
hydrate. No mention was made as to the amount of unsaturated 
fatty  acids supplied by the com. Carew et al (1964) re­
ported studies conducted to determine the influence of 
fats and varying fatty  acid composition on the efficiency 
of energy u tilization  by chicks. The results indicated 
that the metabolic efficiency of energy u tiliza tion  varied 
with the amount as well as the composition of the fats 
used. They observed that hydrogenated coconut o il was 
relatively ineffective in improving the efficiency of 
energy u tilization , suggesting that certain fatty  acids 
may be important in determining this effect. Coconut oil 
is almost entirely composed of relatively short chain 
saturated fatty  acids. The author pointed out that the 
effects of fats on energy u tiliza tion  appeared to be 
related to fatty acid composition but other components
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of fat may be important in the respect.
Young and Garrett (1963) reported increasing the ratio  
of oleic acid to palmitic acid resulted in a stepwise in­
crease in absorption of various fatty  acid mixtures. Pal­
mitic acid when fed singly was found to have an absorbability 
of approximately 2 5%. Small additions of other acids caused 
a marked improvement in the absorbability of palmitic acid. 
When sufficient oleic acid was present in the mixture the 
absorbability of palmitic acid was increased to 80% or 
more. In addition to oleic acid's effect on absorbable 
plamitic acid these workers found linoleic acid additions 
to the fatty  mixtures increased the absorbability of palmi­
tic  acid from 66% up to a range of 81-87%. The absorption 
of stearic acid when fed singly was found to be approxi­
mately 12%. In a mixture of stearic acid and palmitic 
acid the absorption of both was reduced. When oleic acid 
was added to the mixture of stearic acid and palmitic 
acid a marked improvement was noted for both saturated 
fatty  acids. The results suggested that the absorbability 
of palmitic and stearic acids is not only influenced by 
the ra tio  of these saturated fatty  acids to unsaturated 
fatty  acids present, but also is influenced the compli­
mentary effect of these two fatty  acids on each other. There 
was evidence that energy content of a fat is indirectly
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dependent on fatty  acid balance through the effects on 
absorption.
Three experiments were conducted by Brambila and 
Hill (1966) to determine whether chicks required an 
exogenous source of carbohydrate when fed diets high in 
lip ids. In addition, they studied the nutritional properties 
of soybean oil and soybean oil fatty  acids. The results of 
their efforts indicated that the chick is able to u tilize  
very high levels of neutral fat in the d ie t. Diets which 
were formulated to supply a ll of the non protein calories 
as soybean oil promoted growth equal to that of diets for­
mulated to supply a large portion of the non protein calories 
as glucose. When soybean oil fatty  acids were used to 
replace soybean oily a severe retardation of growth was 
observed. This retardation of growth could not be com­
pletely restored with the addition of glycerol or glucose 
to the soybean o il fatty  acid d ie ts. One very interesting 
comment by these workers was that the data on blood glucose 
and ketone bodies indicated chicks fed high levels of soy­
bean oil fatty acids were susceptible to ketosis.
Hartsook et al (1973) conducted an experiment to deter­
mine the effect of dietary protein content and the effect 
of various ratios of fat calories to carbohydrate calories 
on energy metabolism and body composition. As dietary
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nitrogen was increased an increase in fecal and urinary 
nitrogen was observed. This increase in fecal and urinary 
nitrogen was found to be less when the ratio  of fat 
calories to carbohydrate calories increased. No explana­
tion was offered for this observation. These researchers 
found that the heat increment was unaffected by the fat to 
carbohydrate ratios, indicating equal u tiliza tion  of calories 
regardless of source.
Barnes (1973) studying the effect of dietary energy 
sources on chick composition and performance found a 
significant increase in eight week weight of chicks 
receiving partial dietary calories as fa t-o il mixture 
over that of chicks receiving equal partial dietary calories 
as animal tallow. Continuing his study th is researcher 
found body weight to be unaffected by source of calories 
when comparing carbohydrate calories to fat calories nor 
did calorie source affect body composition.
Conducting two experiments Powell et al (1972) studied 
the hen's ab ility  to adjust her caloric consumption based 
on the energy content of the feed and water containing 
sucrose. When feed and sucrose water intake was converted 
to calories consumed per bird per day, no significant 
differences were found between the birds receiving no calories
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in their water and those receiving a partial caloric source 
in their water. They concluded that the hens were able 
to adjust their daily caloric intake regardless of the 
source.
The studies reviewed here suggests that protein or 
amino acids are of consequence in energy studies only in 
so far as the energy level of the diet is such to permit 
adequate intakes of these nutrients. Energy appears to 
affect primarily feed intake and the resulting improvement 
in feed efficiency is due to the decreased intake of to tal 
feed as the dietary energy level is increased. The young 
growing chicken seems to be able to consume sufficient 
calories over a fairly  wide range of dietary energy levels.
EXPERIMENTAL
These experiments were conducted in an attempt to 
establish quantitatively the response of the chick to 
various dietary energy and amino acid levels and to deter­
mine the relationship these shared with each other in the 
d iet. An attempt was made to establish an economic impor­
tance of increasing amino acid, protein concentrations 
and/or caloric density in the chicks' d ie t. These studies 
were conducted also in an effort to measure the effect of 
age and dietary caloric density on energy u tiliza tion .
Day old Hubbard x Arbor Acre sexed chicks (6,000 each 
tr ia l)  were used for the f ir s t  two experiments and raised 
in a 30 x 300 f t . ,  60 pen broiler house. One hundred chicks 
(50 male and 50 female) were placed in each 100 sq f t .  pen. 
Weight and feed consumption were recorded at 28, 49, and 
56 days of age. The third experiment used Cobb x Cobb 
sexed broiler chicks and three replicated pens of each sex 
were fed each ration treatment.
All chicks were brooded under natural gas brooders 
(100 chicks per brooder) for 21 days in the summer months 
and 28 days in the winter months.
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All chicks were fed from feeder lids (3 lids/100 chicks) 
for the f i r s t  7 days, at which time one lid  was removed each 
day. Four tube feeders were placed in each pen at day one 
and feed was offered to the chicks from these feeders for 
the entire grow out period.
All chicks were started on standard 3 gallon chick 
drinking founts (2 per 100 chicks) and these were removed, 
one each day, at 8 days and 9 days of age. Water was then 
offered to the chicks in each pen by two commercial, auto­
matic, adjustable drinking founts for the entire grow out 
period.
A rtifical light (60 watts/100 chicks) was supplied 
continuously for the entire grew out period in each t r ia l .
All diets were corn, soybean meal, fish meal type 
practical diets formulated by a computer using a least 
cost linear program.
The fat used in the f i r s t  two tr ia ls  was a mixed animal - 
vegetable fat supplied by Proctor and Gamble Soap Co., and 
that used in Trial III  was U.S. #2 animal tallow. All diets 
within an experiment used the same shipment of fat to assure 
a constant fatty  acid template and caloric equality.
Amino acid levels required in each diet were formulated 
on a megacalorie base to insure that, as caloric density 
of the experimental diets increased, the amino acid
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concentration would increase proportionally, with the 
relation of one amino acid to another remaining relatively 
constant. The amino levels used per megacalorie are shown 
in Table I . A typical formula is shown in Table II .
All data collected were analyzed s ta tis tica lly  
according to Snedecor (1956).
TABLE I
Required Amino Acid %  Per Megacalorie Energy
Amino Acid
Starter Grower Finisher
Required Actual Required Actual Required Actua!
Methionine .34 .36 .33 .32 .31 .32
Meth. & Cyst. .62 .60 .59 .56 .55 .53
Ly s ine .82 .82 .79 .77 .72 .70
Tryptophane .16 .19 .15 .16 .14 .16
Threonine .56 .61 .53 .57 .49 .54
Arginine .88 1.00 .83 .93 .77 .87
Glycine .70 .73 .65 .63 .60 .63
Phe ny 1 al an ine .56 .71 .53 .67 .49 .63
Phenyl. + Tyr. 1.04 1.23 .98 1.15 .92 1.10
Valine .68 .77 .64 .72 .60 .69
Isoleucine .60 .70 .57 .67 .53 .61
Leucine 1.12 1.31 1.06 1.27 .99 1.21
Histidine .32 .34 .30 .31 .28 .31
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TABLE I I
Typical Com-Soybean-Fish Meal Diet
Ingredient S tarter % Grower % Finisher %
Corn 66.20 69.60 7 3.00
SBM (4996) 22.60 19.50 16.60
Fish Meal 5.00 5.00 5.00
Poultry By product 
meal
2.25 2.25 2.25
Dicalcium phosphate 1.10 1.00 .90
Salt .25 .25 .25
Limestone .10 .53 .65
Methionine .10 .07 .05
Trace Minerals .05 .05 .05
Vitamins .25 .25 .25
Fat 2.10 1.50 1.00
TRIAL I
Int roduction
It has been known for many years that broiler chickens 
will respond to increased dietary energy. As energy is 
increased in the diet/ there is a marked improvement in 
feed efficiency and weight.
Recently there has been some concern as to whether 
th is increased performance observed at higher dietary 
caloric densities was due to improved energy u tiliza tion  by 
the chick or some other phenomenon. Some workers/ as pre­
viously shown, have fe lt  the addition of fat to a chick's 
d iet increased the chicks ab ility  to u tilize  dietary energy 
supplied by carbohydrates and other sources while other 
workers have fe lt that calorie u tiliza tion  was unaffected 
by calorie source.
Amino acid supplementation to the diet has been shown 
to improve performance in winter chick tr ia ls  and i t  has 
been suggested that th is improvement was due to further 
u tiliza tion  of SDE energy (Combs 1965).
With these concerns and observations in mind Trial I 
was designed to study the effects of additional amino acid
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supplementation and increased energy in the d ie t. In 
addition to the conventional measures of weight and feed 
conversion, feed consumption, caloric consumption, avail­
able calorie consumption and caloric efficiency were 
determined. Available calorie consumption was determined
by subtracting the maintenance calories (70 Kcal. x weight 
0.75
(kg.) * x days in period) from the to ta l calories con­
sumed. Caloric efficiency was expressed as the gain (gms.) 
per 100 Kcal. M.E. consumed.
Trial I was conducted from January 15, 1970 to March 
12, 1970. A factorial arrangement of treatments employing 
18 diets was used in th is study. The treatments (shown in 
Table III) consisted of six energy treatments; (3080 Kcal.
M.E./kg. d ie t)1, (3080 Kcal. M. E./Kg. diet increasing to
2
3190 Kcal. M.E./Kg. diet at 49 days of age) , (3190 Kcal.
3
M.E./Kg. diet) , (3190 Kcal. M.E./kg. diet increasing to
4
3300 Kcal. M.E./Kg. diet at 49 days of age) , (3300 Kcal.
5
M.E./Kg. diet) , and (3300 Kcal. M.E./Kg. diet increasing 
to 3410 Kcal. M.E ./Kg. diet at 49 days of age)**. Three 
amino acid levels 100%, 108%, and 113% of those levels 
recommended by Combs (1965) (shewn in Table I) were fed.
Data from Table I shows a general decrease in amino 
acid levels of the diet with age. One treatment of each 
energy concentration followed th is recommendation. This
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TABUS I I I











1 NAA 3080 3080 3080
2 HAA 3080 3080 3080
3 SAA 3080 3080 3080
4 NAA 3080 3080 3190
5 HAA 3080 3080 3190
6 SAA 3080 3080 3190
7 NAA 3190 3190 3190
8 HAA 3190 3190 3190
9 SAA 3190 3190 3190
10 NAA 3190 3190 3300
11 HAA 3190 3190 3300
12 SAA 3190 3190 3300
13 NAA 3300 3300 3300
14 HAA 3300 3300 3300
15 SAA 3300 3300 3300
16 NAA 3300 3300 3410
17 HAA 3300 3300 3410
18 SAA 3300 3300 3410
NAA = Combs recommended amino acid levels.
HAA = 108% of Combs recommended 
and finisher rations.
levels for grower
SAA = 113% of Combs recommended levels for grower
and finisher rations.
35
treatment was labeled as NAA. One treatment of each energy 
concentration did not decrease the level of amino acids in 
the diet as the age of the chicks increased. This tre a t­
ment contained the starting level of amino acids for the 
entire grew out period and was labeled SAA. A third 
treatment was employed that followed a decreasing level 
of dietary amino acid with age but i ts  concentration of 
amino acids was half way between the NAA and SAA treatments. 
This treatment was labeled HAA.
Results and Discussion
A summary of four week weight, feed consumed, feed 
efficiency, to ta l Kcal. consumed, estimated available 
Kcal. consumed and grams gain per 100 Kcal. consumed are 
shown in Table IV. Analyses of variance for these variables 
are shewn in Table V.
The analyses of variance for four-week weights, feed 
efficiencies, to ta l Kcal. consumed and estimated available 
Kcal. consumed revealed a significant energy effect at the 
0.01 level of probability. As diet caloric density 
increased 220 Kcal./Kg. diet there was small but s ign ifi­
cant increase observed of approximately 40 grams of weight 
and 5% in feed efficiency. There was a decrease in feed 
consumption observed with a dietary caloric increase and
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TABLE IV
A Summary of the Results of Trial I at Four "Weeks
Variable
Energy (Kcal. per Kg.)
3080 3190 3300
Weight (kg.) 0.68 0.70 0.72
Feed Cons. (kg.) 1.14 1.13 1.12
Feed Efficiency (%) 59.70 62.30 64.60
Kcal. Cons.^^ 3513.00 3613.00 3698.00
(2)Avail. Kcal. Cons. 2640.00 2736.00 2785.00
Gms. Gain/100 Kcal. 
Cons. '  1 19.40 19.40 19.50
(1) KcaJs. M.E. consumed per bird per period.
(2) Kcals. M.E. consumed per period adjusted for 
the estimated maintenance requirements.
(3) Gain (grams) per 100 calories M.E. consumed.
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TABLE V
Analyses of Variance 
Four Week Results - Trial I
Variable Source df M.S. F.
**
Weight Kg. Energy 2 .0079 27.19
Error 51 .0003
Feed Consumed Energy 2 .0021 3.736
Error 51 .0006
Feed Efficiency Energy 2 .0104 82.64**
Error 51 .0001
Total Kcal. Cons. Energy 2 157837 26.95**
Error 51 5856.
Available Kcal. Energy 2 97915. 22.29**
Cons. Error 51 4393.
Gms. Gain/100 Kcal. Energy 2 .1504 1.21
Error 51 .1242
** p >  . 0 1
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this trend was found to be significant at the .0596 level 
of probability.
These data tend to support the findings of other 
researchers and indicates a reduction in feed intake and 
an improvement in chick performance will occur with each 
increase in caloric density.
In the lim its of this experiment maximum four week 
weight and performance were achieved when the diet supplied 
3300 Kcal. M.E./Kg. d iet.
Kcals. available for metabolic product closely resembled 
to ta l Kcals. consumed and a significant increase in these 
two were observed when dietary density was increased from 
3080 Kcal./Kg. diet to 3300 Kcal./Kg. d ie t.
I t  is interesting to note that the increase in calorie 
intake was less between diets containing 3190 Kcal. M.E./Kg. 
d iet and those containing 3300 Kcal. M.E./Kg. diet than i t  
was between diets containing 3080 Kcal. M.E./^Cg. diet and 
those containing 3190 Kcal. M.E./Kg. d ie t.
There was no significant difference observed in grams 
of gain per 100 Kcal. M.E. consumed. These data would 
suggest the chick has the same ability  to convert calories 
to gain regardless of dietary caloric density or caloric 
consumption.
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A summary of seven week weight, feed consumed, feed 
efficiency, to ta l Kcal. consumed, available Kca. consumed 
between 28 and 49 days of age and gain per 100 Kcal. con­
sumed is shown in Table VI. Analyses of variance for these 
variables is shown in Table VII.
The analyses of variance for seven week weight, feed 
efficiency, to ta l Kcal. consumed, and available Kcal. 
consumed revealed a significant energy effect at the 0.01 
level of probability. Feed consumed was shewn to be effected 
by energy at the 0.05 level of probability. Feed efficiency 
and grams gain per Kcal. consumed was shewn to be s ig n ifi­
cantly affected by amino acid level to the 0.01 level of 
probability, and available Kcal. consumed was significantly 
affected to the .05 level of probability.
As caloric density increased 220 Kcal./kg. diet an 
increase in weight of approximately 80 grams was observed 
and feed efficiency was shown to improve about 3.5%.
Feed efficiency and gain/100 Kcal. consumed was shown 
to significantly improve when amino acid levels of 113% 
of Combs recommended amounts was fed compared to 100%.
This observation is in agreement with work previously 
mentioned.
Total feed consumed decreased while to ta l Kcal. consumed 
and Kcal. available for metabolic product synthesis were
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TABLE VI
A Summary o f  th e  R e s u lt s  o f  th e  Seven  Week D ata  in  T r ia l  j
Kcal./Kg. Amino Acid Level
Diet NAA HAA SAA AVG.
3080 1.52
Weight Kq.
1. 52 1.52 1.52
3190 1.53 1.56 1.59 1.56
3300 1.60 1.60 1.61 1.60






3190 3.16 3.19 3.21 3.19
3300 3.18 3.22 3.11 3.17






3190 48.3 48.8 49.6 48.9
3300 50.5 49.8 51.7 50.7



















































A n a ly s e s  o f  V a r ia n ce
S even  Week D ata  -  T r ia l  I




Amino Acid 2 .0026 1.94
En. X A.A. 4 .0019 1.39
Error 45 .0013
Energy 2
Feed Consumed Kq. 
.0154 3.59 *
Amino Acid 2 .0092 2.15
En. X A.A. 4 .0087 2.03
Error 45 .0043
Energy 2
Feed Efficiency % 
.0055 111.85**
Amino Acid 2 .0008 15.99**





Amino Acid 2 97318 2.21
En. X A.A. 4 92334 2.10
Error 45 44008
Energy 2
Available Kcal. Consumed 
199800 7.30**
Amino Acid 2 122197 4.46
En. X A.A. 4 77751 2.84
Error 45 27389
Energy 2
Grams Gain/100 Kcal. Consumed
.0058 .11
Amino Acid 2 .7 560 15.69**
En. X A.A. 4 .0778 1.61
Error 45 .0482
* p >  . 0 5
**p >  .0 1
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shown to increase as caloric density increased indicating 
loweT density diets may not supply enough energy to meet 
the chicks caloric needs for maximum growth.
Grams of gain per 100 Kcal. consumed were not affected 
by caloric density but appeared to be affected by age. In 
the period between 0-28 days, this was observed to be 19.4 
gms., in the period 28-49 days the rate of gain was 15.3 g . /  
100 Kcal. consumed. I t  would appear that caloric efficiency 
is decreasing as the birds get older.
Eight week weight, feed consumed, feed efficiency, 
to ta l Kcal. consumed, available Kcal. consumed, and grams 
of gain per 100 Kcal. consumed are summarized in Table VIII, 
with the analyses of variance for these variables shewn in 
Table HI.
The analyses of variance revealed a significant 
difference in eight week weight and feed consumed at the 
.05 level of probability. Feed efficiency was significantly 
improved as dietary caloric density increased from 3080 
Kcal. to 3300 Kcal. M.E./Kg. d iet, and was significantly 
affected by amino acid level. Increasing the caloric 
density in the finisher diet of each energy group had no 
significant effect. However, a trend for improved efficiency 
was observed. As seen earlie r at four and seven weeks there 
was an improvement in feed efficiency as dietary caloric
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TABLE V III








3080-3190 1.84 1.80 1.82 1.82
3190-3190 1.81 1.84 1.86 1.83
3190-3300 1.81 1.82 1.87 1.83
3300-3300 1.85 1.88 1.90 1.88
3300-3410 1.86 1.86 1.86 1.87
Avg. 1.83 1.84 1.85
Total Feed Consumed Kg.
3080-3080 4.03 4.07 4.01 4.03
3080-3190 4.13 4.01 3.96 4.03
3190-3190 3.97 4.00 4.01 4.00
3190-3300 3.88 3.89 3.98 3.92
3300-3300 3.91 3.99 3.94 3.95
3300-3410 3.96 3.98 3.85 3.93
Avg. 3.98 3.99 3.96
Feed Efficiency %
3080-3080 44.3 45.0 44.2 44.5
3080-3190 44.6 44.8 45.9 45.1
3190-3190 45.5 45.9 46.2 45.9
3190-3300 46.7 46.7 47.0 46.8
3300-3300 47.3 47.1 48.2 47.5
3300-3410 47.3 47.0 48.2 47.5
Avg. 45.9 46.1 46.6
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TABLE VIII - Continued
Kcal./Kg. 
Diet Amino Acid Level
Grower-Finisher NAA HAA SAA Avg.
Total Kcal . Consumed
3080-3080 12,417 12, 542 12,360 12,439
3080-3190 12,815 12,467 12,305 12,529
3190-3190 12,683 12,776 12, 841 12,766
3190-3300 12,483 12,512 12,809 12,602
3300-3300 12,929 13, 185 13,016 13,043
3300-3410 13, 178 13,225 12,811 13,071
Avg. 12,751 12,785 12,690
Total Available Kcal. Consumed
3080-3080 1769 1821 1733 1774
3080-3190 1991 1802 1816 1870
3190-3190 1747 1733 1795 17 58
3190-3300 1777 1703 1877 1786
3300-3300 17 30 1749 1834 1771
3300-3410 1900 1928 197 3 1934
Avg. 1819 1789 1838
Grams Gain/100 Kcal. consumed
3080-3080 14.4 14.6 14.3 14.4
3080-3190 14.4 14.4 14.8 14.5
3190-3190 14.2 14.4 14.5 14.4
3190-3300 14.5 14.5 14.6 14.5
3300-3300 14.3 14.3 14.6 14.4
3300-3410 14.2 14.1 14.5 14.3




Eight Week Data - Trial I
Source df M.S. F.
Weight Kg.
Energy 5 .0082 3.00*
Amino Acid 2 .0016 .57 NS
En. x A.A. 10 .0020 .73 NS
Error 36 .0027
Feed Consumed Kg.
Energy 5 .0239 3.01 *
Amino Acid 2 .0041 .51 NS
En. x A.A. 10 .0099 1.2 5 NS
Error 36 .0079
Feed Efficiency %
Energy 5 .0014 26.63**
Amino Acid 2 .00024 4.38*
En. x A.A. 10 .000047 .87 NS
Error 36 .00005
Kcal. Consumed
Energy 5 641824 7.79**
Amino Acid 2 41111 4.99*
En. x A.A. 10 101918 1.24 NS
Error 36 82396
Available Kcal. Consumed
Energy 5 45205 3.66*
Amino Acid 2 12237 .99 NS
En. x A.A. 10 14369 1.16 NS
Error 36 12344
Grams Gain/100 Kcal. Consumed
Energy 5 .0870 1.62 NS
Amino Acid 2 .2244 4.18*
En. x A.A. 10 .0466 .87 NS
Error 36 .0536
* p>  .0 5
** p >  .0 1
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density increased.
A further decrease in grams of gain per 100 Kcal. 
consumed for this period compared to the others was indi­
cative of an age affect on the efficiency of the bird to 
convert calories to gain. This loss of efficiency with 
age is intriguing and unexplainable. The possibility of 
a decrease in d igestib ility  with age may account for at 
least part of the observation.
Summary
The objectives of this t r ia l  were to study the effects 
of dietary caloric density and amino acid levels on chick 
performance.
The data from th is experiment showed an increase in 
weight/ feed efficiency, Kcal. consumed, and available 
Kcal. consumed as dietary caloric density increased. Feed 
efficiency, available Kcal. consumed and grams gain/100 Kcal. 
consumed were shown to increase when dietary amino acid 
levels exceeded those levels recommended as adequate.
I t  is very interesting to note the affect dietary 
caloric density had on the amount of caloric intake. A 
possible explanation of th is observation could lie  in the 
fact that the diets containing low energy densities were 
too bulky and prohibited the chicks from consuming enough
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energy to reach its  maximum growth potential. There was 
a increase in feed consumption with a decrease in diet 
energy but the increase was slight and seemed to inhibited 
by the chicks physical capacity to consume or some other 
factor.
Equally interesting was the improvement in feed e f f i ­
ciency and grams gain/100 Kcal. consumed when dietary amino 
acid levels were increased. No explanation can be offered 




Trial II was conducted at a different and warmer season 
(May 4, 1970 - June 29, 1970) than Trial I .  The data pre­
sented in Trial I would indicate excess amino acid levels 
exhibit a significant effect on feed efficiency, and energy 
u tiliza tion  in the winter months. This investigation 
was designed to determine whether these results could be 
repeated in the warmer months when energy needs for main­
taining body temperature would be less. In addition to 
investigating the season and amino acid effects on energy 
u tiliza tion  i t  was desirable to te s t the effect of increased 
protein level independent of amino acid levels to see if  
similar results could be achieved.
Added unidentified growth factor sources are quite 
common in chick diets today and one (UNF-40 Diamond Shamrock) 
was chosen for th is study to determine i ts  effect on per­
formance .
There has been a great deal of controversy in the past 
regarding the unidentified factors of fish meal. A diet 
was added to this study that had no added fish meal to test
48
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the theory that chicks are omnivores and receive no addi­
tional benefits other than fish meal's normal nutrient 
contributions.
The 18 treatments in Trial II were factorially  arranged
consisting of three energy levels; (3080 Kcal. M.E./Kg. diet)^
2 3
(3190 Kcal. M.E./Kg. diet) , and (3300 Kcal. M.E./^g. diet) .
Sic protein and/or amino acid levels were fed, 113% of
Combs recommended amino acid levels (Table I) in grower
and finisher diets (SAA-8 wks.), 113% of Combs recommended
levels from 28 days to 42 days of age (SAA-6 wks.), Combs
recommended levels (NAA), Combs recommended levels without
fish meal (NAA-NF), Combs recommended amino acid levels with
two additional per cent protein from feather meal (NAA-HP)
and Combs recommended level plus UNF-40 (NAA-UNF40). A
description of treatment is shown in Table X.
Weight, feed consumed, feed efficiency, to ta l Kcal. 
consumed, estimated available Kcal. consumed per period, 
and grams gain per 100 Kcal. consumed per period was 
recorded at 28, 49, and 56 days of age.
Results and Discussion
A summary of four week weight, feed consumed, feed 
efficiency, to ta l Kcal. consumed per period, estimated 









































NAA = Combs Recommended Levels.
NAA-NF = Combs recommended levels with no fish meal.
NAA-UNF-40 = Combs recommended levels plus UGF.
NAA-HP = Combs recommended levels plus 2% extra protein.
SAA-6 wks. = Starter amino acid levels recommended by 
Combs fed to 6 weeks of age.
SAA-8 wks. = Starter amino acid levels recommended by 
Combs fed to 8 weeks of age.
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are shown in Table XI. The analyses of variance (shewn in 
Table XII) for these c rite ria  revealed a significant energy 
effect at the 0.01 level of probability.
As diet caloric density increased from 3080 Kcal. M.E./ 
Kg. diet to 3300 Kcal. M.E./Kg. diet there was a significant 
increase of approximately 35 grams or 5% in weight. The 
significant response observed in feed efficiency between 
diets containing 3080 Kcal. M.E./Kg. diet and 3300 Kcal. 
M.E./Kg. diet was approximately 4.60%. Feed efficiency 
followed the same pattern as in Trial I and these data 
may also indicate that the medium and high energy diets 
are supplying energy concentrations that allowed the 
chick to approach its  genetic potential to gain and con­
sume energy.
Total Kcal. consumed and available Kcal. consumed 
increased about 4.5% with an increase in dietary caloric 
density from 3080 Kcal. M.E./Kg. to 3300 Kcal. M.E,/Kg.
This may indicate that the lower energy level fed was 
limiting the caloric consumption due to the chicks inability  
to consume sufficient feed because of insufficient capacity 
of the gastro-intestinal tra c t. I t  was fe lt  that the 
energy levels fed during warm months when energy needs were 
less may have been high enough to  overcome th is phenomenon 
but these data would not support this supposition.
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TABLE XI
A Summary of the Four Week Results - Trial II
Energy
Tre atment --------------------------------------------
3080 3190 3300 Avg,
Weight Kg.
NAA .664 .687 .703 .685
NAA-NF .679 .684 .704 .689
NAA-UNF40 .687 .707 .720 .705
NAA-HP .673 .698 .704 .692
Avg. .672 .692 .706
Feed Consumed Kg.
NAA 1.09 1.06 1.06 1.07
NAA-NF 1.08 1.07 1.06 1.07
NAA-UNF40 1.11 1.08 1.06 1.08
NAA-HP 1.06 1.07 1.05 1.06
Avg. 1.08 1.07 1.06
Feed Efficiency %
NAA 61.2 64.7 66.3 64.1
NAA-NF 63.2 64.1 66.7 64.7
NAA-UNF40 62.1 65.2 67.9 65.1
NAA-HP 63.8 65.1 66.8 65.3





3080 3190 3300 Avg,
Kcal. Consumed
NAA 3346 3387 3501 3411
NAA-NF 3313 3403 3482 3399
NAA-UNF40 3406 3456 3502 3455
NAA-HP 3250 3420 3476 3382
Avg . 3335 3407 3490
Available Kcal. Consumed
NAA 2493 2512 2610 2538
NAA-NF 2445 2531 2 590 2522
NAA-UNF40 2531 2 562 2595 2 563
NAA-HP 2387 2543 2585 2 502
Avg. 2474 2 527 2600













A n a ly s e s  o f  V a r ia n c e
Four Week D ata  -  T r ia l  I I
Source df M.S. F
Energy 2
We ight Gms. 
3626 25.17**
Protein 3 896 6.22**




















Feed Efficiency % 
0.0069 51.19**
Prote in 3 0.0005 3.40*
Protein x Energy 6 0.0003 1.84 NS
Error 42 0.00013
Kcal. Consumed
Energy 2 0.0942 25.12**
Prote in 3 0.0087 2.33 NS
Protein X Energy 6 0.0045 1.20 NS
Error 42 0.0037
Available Kcal. Consumed
Energy 2 0.00018 42.80**
Prote in 3 0.00001 2.51 NS
Prote in X Energy 6 0.000007 1.93 NS
Error 42 0.000004
Grams Gain/100 Kcal . Consumed
Energy 2 0.4501 0.03 NS
Prote in 3 45.6655 3.51*
Prote in X Energy 6 25.4337 1.95 NS
Error 42 12.9990
* p > .05
** p > .01
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As previously shown the grams of gain/100 Kcal. con­
sumed were not significantly affected by caloric density, 
but was affected by the protein, amino acid, or amino acid 
source. These four week data agree very well with those 
collected in Trial I .
Trial I and Trial II were conducted at different times 
of the year but i t  is very interesting to note the similar­
itie s  in trends as dietary caloric densities increased. 
Figure 1 is a summary of four week data collected in both 
t r ia ls .  As can be seen there is approximately 20 grams 
increase in weight with each increase of 110 Kcal. of 
dietary energy and about 2.5% improvement in feed efficiency 
up to 4 weeks of age. In both t r ia ls  there was a small 
marked increase in caloric consumption as caloric density 
increases but the u tiliza tion  of calories was unaffected.
I t  would appear that the chick has the ab ility  to convert 
100 Kcals. to 20 grams of gain in the f i r s t  28 days of age 
regardless of the other factors mentioned.
The differences observed between tr ia ls  may have been 
due to a temperature or season effect. The feed consumption 
and caloric consumption were greater for the birds grown 
during the colder period but th is was not reflected in 
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Figure 1. The relationship of caloric density to weight, feed consumption, 
caloric consumption and caloric efficiency in Trials I and II.
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Seven week observations are shown in Table XIII. The 
analyses of variance for the seven week weight, feed consumed, 
feed efficiency, to ta l Kcal. consumed, available Kcal. con­
sumed (Table XIV) reveals that these c r ite r ia  were sign ifi­
cantly related (p = 0.01) to caloric density of the d ie t.
Weight was observed to increase approximately 50 grams 
and feed efficiency improved about 2.8% as caloric density 
of the diet increased from 3080 Kcal. M.E./Kg. diet to 
3300 Kcal. M.E./Kg. d ie t. Feed consumption was shown to 
decrease with increasing dietary caloric densities. Both 
of the caloric consumption variables and feed consumed 
followed the same pattern as in the previous t r ia l .
At seven weeks of age gram gain per 100 Kcal. consumed 
was not affected by caloric density, protein, amino acid, 
or amino acid source. As in Trial I a decrease in gain per 
100 Kcal. consumed was observed when comparing four week 
data to seven week data. This observation would lend 
support to earlie r results indicating that the chick's 
ab ility  to convert calories to gain decreases with age.
One interesting difference between seven week data of 
this t r ia l  and seven week data from Trial I is that addi­
tional amino acid supplementation of the diet had no effect 
on the grams gain/100 Kcal. consumed or feed efficiency.
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A Summary of the
TABLE XIII 
Seven Week Data - Trial II
Energy
Treatment
3080 3190 3300 Avg.
Weight Kg.
NAA 1.36 1.41 1.41 1.39
NAA-NF 1.38 1.38 1.41 1.39
NAA-UNF40 1.37 1.41 1.45 1.41
NAA-HP 1.36 1.37 1.42 1.38
SAA-6 wk. 1.38 1.40 1.41 1.40
SAA-8 wk. 1.36 1.40 1.42 1.39
Avg. 1.37 1.39 1.42
Feed Consumed Kg.
NAA 2.76 2.73 2.73 2.74
NAA-NF 2.76 2.73 2.76 2.75
NAA-UNF40 2.76 2.72 2.69 2.73
NAA-HP 2.71 2.71 2.66 2.70
SAA-6 wk. 2.76 2.70 2.69 2.72
SAA-8 wk. 2.76 2.72 2.72 2.73
Avg. 2.75 2.72 2.72
Feed Efficiency %
NAA 49.2 51.6 51.6 50.8
NAA-NF 49.9 50.7 51.3 50.6
NAA-UNF40 49.6 51.7 53.9 51.7
NAA-HP 50.0 50.3 53.4 51.2
SAA-6 wk. 50.1 51.7 52.6 51.4
SAA-8 wk. 49.3 51.6 52.1 51.0
Avg. 49.7 51.2 52.5
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TABLE XIII - Continued
Energy
Tre atment
3080 3190 3300 Avg.
Kcal. Consumed
NAA 8511 8720 9018 87 50
NAA-NF 8515 8697 9094 8769
NAA-UNF40 8515 8689 887 2 8692
NAA-HP 8360 8660 8776 8599
SAA-6 wk. 8505 8619 887 5 8666
SAA-8 wk. 8493 8663 8985 8714
Avg . 8483 867 5 8937
Available Kcal. Consumed
NAA 3704 3788 4051 3848
NAA-NF 3705 3794 4085 3861
NAA-UNF40 3613 3705 3814 3710
NAA-HP 3630 3742 3769 3714
SAA-6 wk. 3644 3770 3783 37 32
SAA-8 wk. 3678 3747 3958 3794
Avg. 3662 37 58 3904 3775
Grams Gain/100 Kcal. Consumed
NAA 16.0 16.2 15.6 15.9
NAA-NF 16.2 15.9 15.5 15.9
NAA-UNF40 16.1 16.2 16.3 16.2
NAA-HP 16.2 15.8 16.2 16.1
SAA-6 wk. 16.3 16.2 15.9 16.1
SAA-8 wk. 16.0 16.2 15.8 16.0
Avg . 16.1 16.1 15.9
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TABLE XIV
A n a ly s e s  o f  V a r ia n ce
S even  Week D ata  -  T r ia l  I I




Amino Acid 5 .00078 1.43
En. x A.A. 10 .00054 .99
Error 36 .00055
Energy 2
Feed Consumed Kg. 
.01048 4.4 9*
Amino Acid 5 .00326 1.40
En. x A.A. 10 .00101 .43
Error 36 .00233
Energy 2
Feed Efficiency % 
.00348 36.51**
Amino Acid 5 .00015 1.60





Amino Acid 5 169360 1.41
En. x A.A. 10 108112 .45
Error 36 864998
Energy 2
Available Kcal. Consumed 
280733 13.67**
Amino Acid 5 41143 2.00
En. x A.A. 10 12811 .62
Error 36 20532
Energy 2
Grams Gain/100 Kcal. Consumed
.26103 2.84
Amino Acid 5 .14315 1.56
En. x A.A. 10 .14508 1.58
Error 36 .09185
* p > .05
** p  >  . 0 1
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A summary of eight week weight, feed consumed, feed 
efficiency, to ta l Kcal. consumed, available Kcal. consumed 
and grams gain per 100 Kcal. consumed is shown in Table XV.
Analyses of variance (Table XVI) for eight week weight, 
feed consumed, feed efficiency and to ta l Kcal. consumed 
revealed a significant response (P = 0.01) as dietary 
caloric density increased from 3080 Kcal. M.E./Kg. diet 
to 3300 Kcal. M.E./Kg. d ie t. Available Kcal. consumed was 
not significantly affected, while grams of gain/100 Kcal. 
was significantly decreased when caloric density was 
increased to 3300 Kcal. M.E./Kg. d ie t.
The chicks consumed equal amounts of energy available 
for metabolic product synthesis between 49 and 56 days of 
age. This observation lends support to the previous sup­
position that, at th is age, the chick has enough capacity 
to consume larger amounts of low caloric density diets 
and energy needs alone will regulate feed intake.
There was no significant effect observed from adding 
fish meal to a diet in this experiment indicating fish 
meal should compete with other protein suppliers to the 
diet on the basis of its  protein content alone and not 
as a source of both protein and unidentified growth factors. 
The commercial source of unidentified growth factors (UNF-40) 
was also without any beneficial effect in th is study.
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TABLE XV
The Summary o f  R e s u lt s  o f  th e  E ig h t  Week D ata  -  T r ia l  II
Tre atment
Energy




NAA-NF 1.64 1.63 1.64 1.64
NAA-UNF40 1.60 1.64 1.70 1.65
NAA-HP 1.60 1.62 1.64 1.62
SAA-6 wk. 1.61 1.64 1.67 1.64
SAA - 8 wk. 1.60 1.65 1.66 1.64
Avg. 1.61 1.64 1.66
Feed Consumed Kg.
NAA 3.37 3.35 3.29 3.34
NAA-NF 3.41 3.34 3.31 3.35
NAA-UNF40 3.40 3.32 3.30 3.34
NAA-HP 3.36 3.31 3.31 3.33
SAA-6 wk. 3.39 3.34 3.30 3.34
SAA-8 wek. 3.42 3.35 3.36 3.38
Avg. 3.39 3.34 3.31
Feed Efficiency %
NAA 47.0 49.7 49.4 48.7
NAA-NF 48.2 48.6 49.5 48.8
NAA-UNF40 47.1 49.4 51.5 49.3
NAA-HP 47.8 48.9 49.6 48.8
SAA-6 wk. 47.3 49.2 50.7 49.0
SAA-8 wk. 46.8 49.2 49.3 48.4
Avg. 47.4 49.2 50.0
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TABLE XV -  C on tin u ed
Energy
Treatment
3080 3190 3300 Avg.
Kcal. Consumed
NAA 10,389 10,701 10, 861 10,650
NAA-NF 10,503 10,663 10,930 10,698
NAA-UNF40 10,461 10, 597 10,898 10,652
NAA-HP 10, 340 10, 569 10, 939 10,616
SAA-6 wk. 10,451 10,639 10, 879 10,656
SAA-8 wk. 10,537 10,699 11,091 10,776
Avg. 10,447 10,645 10,933
Available Kcal. Consumed
NAA 1225 1306 1176 1236
NAA-NF 1322 1303 1165 1263
NAA-UNF40 1289 1238 1340 1289
NAA-HP 1325 1249 1492 1355
SAA-6 wk. 1285 1352 1329 1322
SAA-8 wk. 1389 1367 1432 1396
Avg. 1305 1303 1322
Grams Gain/100 Kcal. Consumed
NAA 15.3 15.6 15.0 15.3
NAA-NF 15.6 15.2 15.0 15.3
NAA-UNF40 15.3 15.5 15.6 15.5
NAA-HP 15.5 15.3 15.0 15.3
SAA-6 wk. 15.4 15.4 15.4 15.4
SAA-8 wk. 15.2 15.4 14.9 15.2
Avg. 15.4 15.4 15.2
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TABLE XVI
A n a ly s e s  o f  V a r ia n ce
E ig h t  Week D ata  -  T r ia l  I I




Amino Acid 5 .00071 .96
En. x A.A. 10 .00160 2.17
Error 36 .00074
Energy 2
Feed Consumed Kq. 
.02936 6.39**
Amino Acid 5 .00276 .60
En. x A.A. 10 .00081 .18
Error 36 .00459
Energy 2
Feed Efficiency % 
.00328 38.25**
Amino Acid 5 .00009 1.00





Amino Acid 5 28085 .59
An. x A.A. 10 8378 .18
Error 36 47475
Energy 2
Available Kcal. Consumed 
1989 .12
Amino Acid 5 31934 1.94
En. x A.A. 10 18744 1.14
Error 36 16437
Energy 2
Grams Gain/100 Kcal. Consumed 
.3541 4.35*
Amino Acid 5 .0811 .99
En. x A.A. 10 .1250 1.54
Error 36 .0813
* p > .05
** p >  .0 1
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There were same very interesting points (Figure 1) 
and sim ilarities noted between Trial I and Trial II along 
with observations that pose some d ifficu lt questions.
There seems to be a small but definite increase in 
weight gain and calorie consumption when dietary caloric 
density is increased. The increase observed may have 
been due to the great growth potential in the strain  of 
bird used and th is difference would not manifest itse lf  
if  a slower growing strain  was chosen. The possibility 
exists also that the Hubbard x Arbor Acre broiler chick 
could not reach its  maximum intake of energy on the lower 
density diets simply because its  physical capacity to 
consume was reached before i t 's  energy needs for its  
growth potential were satisfied .
There were only three levels of energy offered to the 
chicks in this experiment and a wider range of energy 
combinations might possibly have clarafied seme of these 
confused relationships.
Since sex of the chicken markedly affects growth and 
related factors, i t  is possible that the results of these 
tr ia ls  are more influenced by one sex than the other in 
same respects. For example the growth of the female is 
considerably less than the male and such factors as feed
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consumption, caloric consumption, or feed or caloric 
efficiency may be disporportionately affected by th is sex.
As in Trial I there was a decrease with age in the 
birds ab ility  to convert calories consumed to gain and this 
criterion was only slightly  affected by some other factors 
measured.
The chicks in Trial II did not respond to increased 
amino acid or protein concentrations as was the case in 
Trial I . These data would support earlie r work previously 
noted. For some reason, as yet unknown, amino acid supple­
mentation in the winter increases the chicks ab ility  to 
u tilize  energy.
Summary
A study was conducted in continuation of Trial I to 
determine whether similar effects would be observed in 
summer months. In addition increased dietary protein was 
offered to determine what effect this dietary modification 
would have on performance. Diets were fed with and without 
fish meal.
Feed efficiency, weight, feed consumed, to ta l Kcal. 
consumed, available Kcal. consumed were a ll shown to be 
significantly affected as dietary energy increased. Neither 
protein level, amino acid level nor source of protein and
67
amino acids had a significant effect on chick performance 
after 4 weeks of age. There was a significant decrease 
in caloric efficiency noted at 8 weeks due to increased 
energy but i t  is fe lt  that th is was some artifac t other 
than energy because a ll other data collected disagreed 
with th is observation.
TRIAL III
Introduction
This study was a continuation of Trials I and II in 
an attempt to further investigate the chick's response to 
dietary energy.
Results of Trial I and II raised certain questions 
that suggested a th ird  t r ia l  would be in order. In the 
f irs t two t r ia ls  the data were collected at 4, 7, and 8 
weeks of age because these are generally where the industry 
makes a caloric change in the d ie t. The trends observed 
in weight, feed efficiency, Kcal. consumed and grams of 
gain per 100 Kcal. consumed le f t missing trend data in 
those weeks not measured. I t  was fe lt that these obser­
vations should be made at weekly intervals to reveal the 
real nature of any trend.
In Trial I and Trial II a limited number of energy 
levels were offered to the chicks to study th e ir response. 
I t  was fe lt a t r ia l  was needed that would offer a wider 
variety of dietary caloric densities to more accurately 
establish any trends in response.
In addition to increasing the times that measurements 
were taken, i t  was also of in terest to determine the
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individual response of the sexes to these dietary caloric 
densities. To do th is a different strain  of broiler chicks 
(Cobb x Cobb) was used which carries a sex linked color 
pattern gene that permitted color sexing of the chicks at 
hatching. This strain was not quite as rapid in their rate 
of growth as the Hubbard x Arbor Acre cross used in the 
f irs t  two t r ia ls  and th is  fact presented the opportunity 
to compare the two strains as to their performance on the 
various energy levels.
Trial III  was conducted from April 3 to June 5, 1972 
under the same management procedures followed in Trials I 
and I I .  The study was divided into three 21 day periods 
with Period 1 being from 1 through 21 days. Period 2 being 
22 through 42 days and Period 3 being 43 through 63 days.
The entire replication of each ration treatment was group 
weighed at the end of each period and feed consumption 
determined. At the end of each seven day interval in 
Periods 2 and 3, ten per cent random samples of each 
replication were weighed to estimate weight and feed 
consumption for the entire replication was determined.
Three replicates of 100 of each sex were fed each ration 
treatment.
Table XVII presents the experimental plan of th is  study 
as i t  pertains to the energy tisatments. I t  w ill be noted
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TABLE XVII 
Sex by Energy Experimental Plan
Period 1 Period 2
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that the caloric density of the ration was increased 55 
calories per kilogram at the end of each period as well 
as the three beginning energy levels differing from each 
other by 55 calories per kilogram. At the end of Period 1 
and Period 2 three replicates of each sex were transferred 
to each of the higher energy rations so that at the end 
of Period 2 there were six ration treatments and at the 
end of Period 3 there were 10 ration treatments.
I t  was observed in Trials I and II that available 
calories consumed were merely a reflection of to ta l calories 
consumed and th is measurement was not used in Trial I I I . 
Also feed efficiency merely reflected caloric consumption 
and this observable was dropped from th is t r ia l .  The 
observables measured in Trial III  were weight, feed con­
sumption, caloric consumption and caloric efficiency 
expressed as grams gain per 100 Kcal. consumed.
Results and Discussion
Weights for Periods 1, 2 and 3 are presented in Figure 
2. Analysis of variance revealed that caloric density had 
no significant affect on weight at 3, 6 or 9 weeks of age 
(Table XVIII). There was a significant difference noted 
between males and females at the 0.01 level of probability 
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Figure 2. The effect of caloric density on growth of




Analyses of Variance 
Weight Gain in Trial III
Source df M.S. F.
Period 1
Energy 2 0.000406 1.20
Sex 1 0.045000 132.79**



















Energy 9 0.0518 1.71
Sex 1 17.6313 585.05**
Energy x Sex 9 0.0370 1.22
Residual 40 0.0301
** p >  .0 1
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level of probability.
I t  is interesting to note that the increased weight 
gain observed in Trials I and II did not appear in Trial 
III  when dietary caloric density increased. These data 
would indicate that the chicks in Trial III grew at their 
maximum rate even on the lowest caloric concentration 
d ie ts . I t  is also interesting that the chicks in t r ia l  
appeared to be slightly smaller at 28 days (approximately 
5%) than did the chicks in Trials I and I I .  This was a 
small difference but the possibility  does exist that this 
difference represents a difference in the genetic poten­
t ia l  of the strain  for growth. The possibility  also 
exist that th is difference could have been enough to 
reduce the energy needs of the smaller bird to a point 
where i t  could have consumed enough feed to meet i t 's  
reduced needs within the different caloric densities fed. 
This observed difference in the growth of the different 
strains was increased to approximately 1096 at 56 days of 
age.
Observing weight at weekly intervals for each sex 
(Figure 3) shows a very interesting growth curve difference 
between the sexes. The female has a growth rate comparable 
to the male up until about 30 days at which time the female 


















Figure 3. The d ifferen tial growth of males and females 
in Trial I I I .
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Feed consumption data is presented graphically in 
Figure 4. I t  w ill be noted that there is a tendency for 
feed consumption to decrease with increased caloric density 
combinations with the males, however, this was not s ig n ifi­
cant. This was not apparent with the females. The d if­
ferences between the sexes was highly significant (Table 
XIX). The failure to achieve s ta tis tic a lly  significant 
differences in this respect probably is due primarily to 
the small intervals chosen for the ration densities. The 
trend is the same as that observed in Trials I and II . A 
further contributor to this lack of significance may be due 
to the slightly  slower rate of growth of the bro ilers.
Total Kcal. consumed (Figure 5) resemble weight gain 
and analyses of variance (Table XX) did not reveal any 
significant differences among the treatment means at any 
caloric density at any period. I t  is suggested that this 
failure in Trial III  as compared to the previous tr ia ls  
might be explained on the basis of a slower growth rate 
potential on the part of the strain  of chickens used.
Weekly recording of to ta l Kcal. consumed (Figure 6) follow 
the same pattern as growth which would strongly suggest a 
definite relationship between weight gain and caloric 
consumption.
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Figure 4. The effect of caloric density on feed 
consumption in Trial III.
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TABLE XIX
Analyses of Variance 
Feed Consumption in Trial III
Source df M.S. F.
Period 1
Energy 2 0.0014 2.36
Sex 1 0.0169 28.64**



















Energy 9 0.0242 1.04
Sex 1 18.3747 788.42
Energy x Sex 9 0.0424 1.82
Residaul 40 0.0233
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Figure 5. The effect of caloric density on calorie
consumption of male and female broilers of 
3, 6, and 9 weeks of age.
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TABLE XX
Analyses of Variance 
Total Calories Consumed in Trial III
Source df M.S. F.
Period 1
Energy 2 4942 0.89
Sex 1 158068 28.68**



















Energy 9 366746 1.56
Sex 1 183320377 777.65**
Energy x Sex 9 405741 1.72
Residual 40 235735
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Figure 6. The effect of age of caloric consumption 
of males and females in Trial I I I .
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ab ility  of the chick to equally u tilize  consumed calories 
regardless of sex or caloric density. Figure 7 shows that 
only age had an effect on grams gain per 100 Kcal. consumed 
except the unexplainable sex effect observed in period 3.
The analyses of variance (Table XXI) failed to reveal 
significant effects due to caloric density in this wide 
range of treatments nor were there any significant effects 
due to sex.
I t  has been generally accepted that males grow at a 
more rapid rate and have a better feed conversion and 
therefore must be more effic ien t than the female. These 
data would strongly oppose th is theory.
Weekly observations (Figure 8) of grams gain per 100 
Kcal. consumed show a definite linear decrease as the chick 
becomes older. This observation is very intriguing but 
unexplainable. Another interesting point is the very 
close agreement between a ll three tr ia ls  in the magnitude 
of the decrease (Figure 8). A progressive decline in 
d igestib ility  with age may have contributed to part of 
th is decrease but i t  is questionable whether th is was a 
major contributing factor. I t  is fe lt  that the answer 
may lie  in changes in body composition and metabolism with 
age and further work is needed to more definitively study 
th is phenomenon.
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Figure 7. The effect of caloric density on caloric 
efficiency in Trial III.
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TABUE XXI
Analyses of Variance 
Caloric Efficiency in Trial III
Source df M.S. F.
Period 1
Energy 2 0.9329 1.99
Sex 1 0.5052 1.08



















Energy 9 0.1452 0.41
Sex 1 2.2697 6.46
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Figure 8. The accumulative caloric efficiency as 
affected by sex and age in Trial I I I .
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Summary
A t r ia l  was conducted to further expand the studies of 
caloric density, sex, and age as they affect energy u tiliz a ­
tion of the chick.
This t r ia l  employed a rather wide variety of energy 
levels fed separately to male and female chicks. Weight, 
feed consumption, to ta l Kcal. consumed and grams gain per 
100 Kg. consumed were recorded at 21, 28, 35, 42, 49, 56, 
and 63 days of age.
An analyses of variance revealed that none of the 
variables studied were significantly affected by caloric 
density of the diet, however, a ll  observables varied 
significantly with age. One very interesting observation 
was the ab ility  of female chicks to convert consumed 
calories to gain as efficiently  as the male. They do 
not grow as fast nor to as large a size as the male but 
their calorie efficiency appears to be the same as the 
male.
SUMMARY
Three tr ia ls  were conducted to study the effect of 
caloric density, protein, amino acid level, amino acid source, 
age, and sex on the ab ility  of the chick to u tilize  energy.
The results of these studies revealed that calorie 
density had a significant linear effect at 28 and 49 days 
of age on weight, feed consumed, feed efficiency, to ta l 
Kcal. consumed and estimated Kcal. consumed corrected for 
maintenance in Trials I and I I . Between the 49th and 56th 
day the consumption of calories corrected for maintenance 
in both tr ia ls  was not significant and i t  appeared the birds 
were consuming energy to meet some inner need. In Trial III  
there was no difference observed in weight or to ta l Kcal. 
consumed regardless of dietary caloric density.
The data from Trials I, II and III  revealed that neither 
caloric density of the diet nor sex had any effect on the 
chicks ab ility  to u tilize  consumed calories. There was 
evidence that suggested that age has a definite declining 
effect on the chicks ab ility  to u tilize  energy. As the 
chicks in each tried, grew older there was a linear decrease 
in grams gain per 100 Kcal. consumed.
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The data from Trial III  was used to conduct a regression 
analysis of caloric intake on gain in weight. The correla­
tion of these two factors in th is  t r ia l  was 0.95 which would 
indicate that caloric intake could be used to predict gain 
with great accuracy. This association is  presented in 
Figure 9 and lends further support for the hypothesis that 
the birds are consuming calories to meet their inherited 
rate of growth. This relationship appears to be true from 
3 weeks of age or weights of approximately 500 grams up to 
9 weeks of age or weights of approximately 2000 grams.
This range in weight includes the market weights that most 
commercial broiler firms set as the desirable weight for 
their production operation. Since feed consumption tended 
to vary depending on caloric density, caloric consumption 
would be a superior criterion for estimating weight at 
any age in th is  range.
Amino acid level was shown to have an effect on chick 
performance as well as i ts  ab ility  to convert calories to 
gain in the winter only when the environmental temperature 
was lower. The author wishes to point out that th is  
observation has been noted by others and would tend to 
support their findings. I t  is  possible that the increased 
performance in cold weather with amino ac_ i supplementation 
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Figure 9. The regression of calories consumed on 
weight gained in Trail III .
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maintain a homeothermic system in winter months.
These data would support the theory that chicks will 
consume feed to satisfy some inner need for energy with 
the chick's physical capacity to consume feed playing a 
major role. Assuming the chick has a genetic potential 
to grow at a certain rate and has a certain ab ility  to 
convert calories consumed to gain, then i t  would be logical 
to assume that once the chick has consumed enough calories 
to reach i ts  maximum growth potential feed consumption 
would cease. If , for some reason such as low caloric 
density in the diet, the chick would simply reach his 
physical capacity to consume before acquiring enough 
calories for maximum growth, then the chick would respond 
to diets of increased caloric density by consuming more 
calories. Failure to recognize th is  genetic fact could 
leave a nu trition ist with a false impression that chicks 
do not consume feed to satisfy an inner need for energy. 
Support of th is  theory was noted in the final week of 
the grow out period when a ll  chicks regardless of diet 
in Trial I and II consumed the same amount of energy for 
the period. I t  could be that the chicks receiving low 
caloric density diets in the beginning periods reached 
their physical capacity to consume feed before they could 
consume enough energy to gain at their maximum genetic
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potential. Further support lie s  in the fact that the 
chicks on the high caloric density diets did not convert 
calories to gain any more efficien tly  than did those on 
the lower calorie d iets. More calories were consumed and 
more weight was gained. Additional support was offered 
in Trial I I I  where the employment of a slower growing 
bird revealed no response to increased caloric densities 
of the d ie t. I t  was suggested that th is  bird did not 
have as great a need for energy as those in Trial I and 
II and was not inhibited from maximum growth and calorie 
consumption by a physical capacity to consume.
A most interesting observation is  the association of 
growth with calories consumed. When the calories consumed 
were regressed on weight (Figure 9) a correlation of 0.95 
resulted. This simply means that weight could be predicted 
with great accuracy from the caloric consumption. Between 
the weights of 1500 grams and 4000 grams the relationship 
in linear and there was 3.07 calories consumed for each 
gram gain. This also supports the hypothesis that the 
birds are consuming calories to meet a specified growth 
need.
CONCLUSIONS
From the data presented the following conclusions 
seem warranted:
(1) There is  a significant correlation between 
caloric consumption and growth.
(2) Within the capacity of the broiler to adjust 
feed intake caloric density of the ration has l i t t l e  
effect on the caloric consumption.
(3) The efficiency of caloric u tiliza tion  is  not 
affected by caloric density of the ration or caloric 
consumption of the bird.
(4) Caloric efficiency decreases with age from three 
through eight weeks in a linear manner.
(5) The females and males use calories consumed 
equally well to promote growth.
(6) Additional protein or amino acid consumption
may only be of value in cold environments in promoting 
growth •
(7) The rate of growth of the broilers may also 




(8) Growth of commercial broiler stains, whether 
males, females, or mixed sexes, is  a linear function 
between the ages of four and nine weeks.
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